Objective: We previously reported that the largest diameter of retrieved lymph nodes (LNs) correlates with the number of LNs and is a prognostic factor in stage II colon cancer. We examine whether T, B, and natural killer (NK) cells in LNs are related to the number of LNs and survival. Methods: The subjects comprised 320 patients with stage II colon cancer. An LN with the largest diameter was selected in each patient. The positive area ratios of cells that stained for CD3 and CD20, and the numbers of CD56-positive cells were measured. Results: The CD3-positive area ratio was 0.39 ± 0.08 and CD20-positive area ratio was 0.42 ± 0.10. The mean number of CD56-positive cells was 19.3 ± 22.7. The area ratios of B cells and T cells and the number of NK cells were significantly related to the sizes of the largest diameter LNs. The number of NK cells significantly correlated with the number of LNs and was an independent prognostic factor. On multivariate analysis, pathological T stage (T4 or T3; HR 4.71; p < 0.001) and the number of CD56-positive cells (high or low; HR 0.22; p < 0.001) were found to be independent prognostic factors. Conclusions: The number of NK cells in the largest diameter LNs can most likely be used as a predictor of recurrence.
Introduction
In patients with stage II or III colon cancer, the retrieval of high numbers of lymph nodes (LN) has been reported to be associated with good outcomes [1] [2] [3] [4] [5] [6] [7] [8] . Factors such as stage migration [9] [10] [11] [12] and the immune response of the host to tumors (tumor-host interactions) have been proposed as underlying reasons [5, 6, [13] [14] [15] but remain to be established. The incidence of understaging was estimated to be only 2-5% [16] and thus cannot explain why the number of retrieved LNs is a prognostic factor.
The relations between the number of retrieved LNs and tumor-host interactions remain controversial. Several studies have reported that lymph-node size may correlate with the number of retrieved LNs [16, 17] . We pre-viously reported that a greater maximum long-axis diameter of retrieved LNs is associated with the retrieval of more LNs and better outcomes [18] .
The size of LNs with no metastasis may reflect the state of immune reactions in the LNs [5, 16, [19] [20] [21] [22] . We therefore hypothesized that patients with a strong immune response have large LNs and many retrieved LNs.
LNs can be divided into 3 regions (the cortex, paracortex, and medulla) and consist mainly of T cells, B cells, and natural killer (NK) cells. The aim of our study was to examine whether T cells, B cells, and NK cells in the largest diameter LNs are related to lymph-node size and the number of retrieved LNs and to determine whether these factors can be used to predict outcomes.
Patients and Methods

Patients
The study group comprised 320 consecutive patients with pathological stage II colon cancer who underwent elective radical surgery in Tokai University Hospital from January 1991 through December 2003. Patients who underwent emergency surgery were excluded from the study. This is a retrospective chart review of a prospectively maintained database.
Surgery
All operations were performed by 4 or 5 staff members, consisting of 2 or 3 surgeons (S.S., T.S., A.T., K.O., or G.S.) and 1 or 2 members of the surgical team. All operations were performed with an open approach. No patient underwent laparoscopic surgery. For lymph-node dissection, all pericolic nodes, intermediate nodes, and main nodes were dissected [23] . Lymph-node dissection was extended to the bifurcation of the ileocolic artery, right colic artery, or both from the superior mesenteric artery in patients with right-sided colon cancer, the bifurcation of the middle colic artery from the superior mesenteric artery in patients with transverse colon cancer, and the bifurcation of the inferior mesenteric artery from the aorta in patients with left-sided colon cancer. Both the distal and proximal resection margins were at least 7 cm from the tumor margin.
Pathological Procedures
One of the members of the colorectal surgical team dissected the resected specimens in the operation room within 30 min after excision. LNs were identified by direct inspection and manual palpation after closely slicing the mesocolon. Fat clearance methods were not used in any patient. Pathologists examined all specimens considered to be candidates for LNs. LNs fixed in formalin were thinly sliced to obtain maximal cut surfaces and were stained with hematoxylin and eosin.
Largest Diameter LNs and Immunohistochemical Staining
In hematoxylin and eosin-stained specimens, an LN with the greatest long-axis diameter was selected in each patient and was designated as the largest diameter LN. Immunohistochemical staining was performed with the use of CD3 as a T-cell marker, CD20 as a B-cell marker, and CD56 as an NK-cell marker by automated immunohistochemical procedure (Dako Autostainer, Dako Co., Ltd., Glostrup, Denmark).
The expressions of CD3, CD20, and CD56 were evaluated by immunohistochemical staining (indirect method), using CD3 Rabbit-Mono (SP7; Nichirei Biosciences Inc., Tokyo, Japan) at a 1: 150 dilution, CD20cy (DAKO Co., Ltd., Glostrup, Denmark) at a 1: 200 dilution, and Liquid Mouse Monoclonal Antibody CD56 (NCAM; Leica Biosystems Newcastle Ltd., Newcastle Upon Tyne, United Kingdom) at a 1: 100 dilution as the primary antibodies respectively.
Evaluation of T Cells, B Cells, and NK Cells in the Largest Diameter LNs
The long-axis diameters and areas of LNs, CD3-positive areas, and CD20-positive areas were measured with the use of a computer digitizer (Adobe Photoshop CS5 ® , ImageJ 1.47). The digitized images (Fig. 1a, b) were converted from RGB images into 8-bit images. The threshold was set at 18-180 for CD3 and 18 to 145 for CD20, and binarization processing was performed (Fig. 1d, e) . The red areas of the created binary images were measured. The CD3-and CD20-positive area ratios were calculated by dividing the CD3-positive area and the CD20-positive area by the area of each LN. Because CD 56-positive cells are scattered in LNs (Fig. 1c) 
Statistical Analyses
To examine clinicopathological factors related to the number of retrieved LNs and the long-axis diameter of the largest diameter LNs, the patients were divided into 2 groups according to the median values obtained for the number of retrieved LNs, the long-axis diameter of the largest diameter LNs, the CD3-positive area ratio, the CD20-positive area ratio, and the number of CD56-positive cells. The data were analyzed using the Mann-Whitney U test or Kruskal-Wallis test. Spearman's rank correlation coefficient was used to assess the relations between continuous variables.
In survival analysis, recurrence-free interval was regarded as a variable. Cumulative survival rates were calculated using the Kaplan-Meier method. Univariate analysis was performed using log-rank tests. Multivariate analysis was performed using a Cox proportional hazards model. In the survival analysis, the cutoff values for continuous variables were calculated from the receiver operating characteristic curves for recurrence or death from the primary cancer on the basis of an age of 65 years, the number of retrieved LNs, the long-axis diameter of the largest diameter LNs, the CD3-positive area ratio, the CD20-positive area ratio, and the number of CD56-positive cells. p values of less than 0.05 were considered to indicate significant difference. Statistical calculations were performed using JMP version 13 software (SAS Institute Inc., Cary, NC, USA).
This study was approved by the institutional review board of our university (08R-032).
Patients' Characteristics
The patients' characteristics are summarized in Table  1 . The right side of the colon included the cecum, the ascending colon, and the transverse colon. The left side of the colon included the descending colon, the sigmoid colon, and the rectosigmoid colon. At the discretion of the patients and their attending physicians, postoperative adjuvant chemotherapy was received by 145 patients (45%). The adjuvant chemotherapeutic regimens consisted of oral fluoropyrimidine or intravenous 5-fluorouracil and leucovorin. The median number of retrieved LNs was 12.
Locations of the largest diameter LNs and the CD3-positive area ratios, CD20-positive area ratios, and the number of CD56-positive cells in the largest diameter LNs are presented in Table 2 .
The largest diameter LNs were located in the pericolic LNs or the intermediate LNs in 83% of the patients and were located in the main LNs in 17% of the patients. CD3-positive cells were seen in the paracortex; CD20-positive cells were seen in lymphatic follicles in the cortex and CD56-positive cells were seen in the paracortex and the regions other than the lymphatic follicles in the cortex. The median long-axis diameter of the largest diameter LNs was 8. Clinicopathological factors, the number of retrieved LNs, and the long-axis diameters of the largest diameter LNs (Table 3) .
Age younger than 65 years and tumor location on the right side of the colon were factors that were significantly related to higher numbers of retrieved LNs. The number of retrieved LNs was significantly greater in patients with a long-axis diameter of the largest diameter LNs of ≥8.3 mm than in patients with a longaxis diameter of < 8.3 mm. The number of retrieved LNs was significantly higher in patients with ≥14 CD56-positive cells than in patients those with < 14 CD56-positive cells.
Female sex, an age of younger than 65 years, tumor location on the right side of the colon, and the retrieval of 12 or more LNs were all related to a significantly greater long-axis diameter of the largest diameter LNs. A CD3-positive area ratio of < 0.39, a CD20 positive area ratio of ≥0.43, and ≥14 CD56-positive cells were associated with a significantly greater long-axis diameter of the largest diameter LNs. Age, tumor location, and the number of CD56-positive cells were related to both the number of retrieved LNs and the long-axis diameter of the largest diameter LNs.
Survival Analysis (Table 4)
The median follow-up period of the patients who survived without recurrence was 118 months. Recurrence occurred in 56 patients (18%). Overall, 110 patients (34%) died of all causes and 47 patients (15%) died of the primary cancer. The cutoff values calculated from the receiver operating characteristic curves were 10 for the number of retrieved LNs, 5.2 mm for the long-axis diameter of the largest diameter LNs, 0.34 for the CD3-positive area ratio, 0.33 for the CD20-positive area ratio, and 27 for the number of CD56-positive cells. On univariate analysis, pathological T3 stage, number of retrieved LNs ≥10, long-axis diameter of the largest diameter LN ≥5.2 mm, CD3-positive area ratio ≥0.34, CD20-positive area ratio < 0.33, and the number of CD56-positive cells ≥27 were significantly related to better outcomes. Before multivariate analysis, the number of retrieved LNs and the long-axis diameter of the largest diameter LNs were excluded from the analysis to avoid multicollinearity because these variables are related to other covariants. Multivariate analysis showed that pathological T stage and the number of CD56-positive cells were independent prognostic factors. The 57 patients (18%) with pathological T4 stage had significantly poorer outcomes than the 263 patients (82%) with pathological T3 stage (Fig. 2a) , and the 75 patients (23%) with the number of CD56-positive cells ≥27 had significantly better outcomes than the 245 patients (77%) with the number of CD56-positive cells < 27 (Fig. 2b) .
Relations of the number of CD56-positive cells in the largest diameter LNs to the number of retrieved LNs and the long-axis diameter, CD3-positive area, CD3-positive area ratio, CD20-positive area, and CD20-positive area ratio were shown in Table 5 .
The number of CD56-positive cells in the largest diameter LNs positively correlated with the number of retrieved LNs, the long-axis diameter of the largest diameter LNs, and the CD3-positive area and CD20-positive area in the largest diameter LNs, but did not correlate with the CD3-positive area ratio or CD20-positive area ratio.
Discussion
In patients with stage II colon cancer, stage migration was previously thought to be one of the major reasons why patients with retrieval of more LNs have better outcomes [3, 24, 25] . However, failure to detect lymph-node metastasis does not happen frequently [26] , and the number of negative LNs is related to outcomes in patients with stage III disease [6] . Therefore, recent studies have specu- lated the involvement of the host's immune response against cancer [27, 28] .
In the present study, we hypothesized that the immune response of regional LNs against cancer is related to lymph-node size and the number of retrieved LNs in patients with stage II colon cancer. This hypothesis is supported by the findings that a high number of CD56-positive cells in the largest diameter LNs was associated with more retrieved LNs, a larger long-axis diameter of the largest diameter LNs, and significantly better outcomes. High levels of tumor-infiltrating lymphocytes have been reported to be associated with better outcomes [29] and the retrieval of higher numbers of LNs in colorectal cancer [30] . To our knowledge, however, no previous study has reported on the relations of immune response in LNs to the number of retrieved LNs and outcomes.
In the tumor-node-metastasis staging system developed by the American Joint Committee on Cancer and the Union for International Cancer Control (AJCC/ UICC), colorectal cancer is classified according to histologic characteristics to predict outcomes and to determine the treatment of choice in the individual patient. Recently, classifications based on the host immune response to cancer have been reported [31, 32] . At present, immune scores are being calculated by counting the numbers of tumor-infiltrating CD3-and CD8-positive T-lymphocytes in an ongoing international multicenter, collaborative, prospective study [33] .
However, NK cells are not being evaluated [33] . Previous studies have reported that tumor-infiltrating NK cells are found only in 31% of patients with colorectal cancer [34] and that NK cells alone are not a prognostic factor [35] . In our study, only 0.6% of the patients had no NK cells in the largest diameter LNs, and NK cells alone were an independent prognostic factor. This finding suggests that NK cells should be evaluated in LNs rather than in the primary tumors in patients with colorectal cancer.
The National Comprehensive Cancer Network guidelines recommend that at least 12 LNs should be retrieved to prevent stage migration [27] . In patients with stage II colon cancer, retrieval of less than 12 LNs is considered a risk factor for recurrence for which postoperative adjuvant chemotherapy should be considered [27] . However, the number of retrieved LNs may be influenced by other factors, such as surgical procedures [36, 37] , the extent of resection margins [38] , and pathological methods [39] . It is easy to select and evaluate one of the largest LNs, which is less likely to be affected by the external factors mentioned above. Therefore, the number of NK cells in the largest diameter LN may be as useful as the number of retrieved LNs as a predictor of recurrence.
CD3 and CD20-positive area ratios and the number of CD56-positive cells are all significantly related to outcomes in univariate analysis; however, only the number of CD56-positive cells was an independent prognostic factor in multivariate analysis. We could not explain the reasons for these findings in the present study.
Because the proportion of NK cells in the largest diameter LNs is small, NK cells do not directly influence the size of LNs. Apart from tumor metastasis, an increase in LN size can be caused by hyperplasia of cellular components in LNs [40] . Activated NK cells secrete interferon-γ and activate T cells, macrophages, and dendritic cells [41, 42] . In our study, high numbers of NK cells in the largest diameter LNs were unrelated to the proportions of T cells and B cells but were associated with larger areas of T cells and B cells and a larger long-axis diameter of LNs. Therefore, lymph-node size was most likely increased by hyperplasia of other immune cells activated by NK cells. Further studies are needed to confirm this hypothesis.
Because our study focused on patients who had stage II colon cancer with no lymph-node metastasis, further studies in patients with stage III disease who have lymphnode metastasis are needed. Because our study was performed in a single center, our results should be reevaluated in a multicenter study.
Conclusions
The area ratios of T cells and B cells and the number of NK cells in the largest diameter LNs were related to the sizes of the largest diameter LNs in patients with Stage II colon cancer. The number of NK cells correlated with the number of retrieved LNs and was an independent prognostic factor. The number of NK cells in the largest diameter LNs may reflect the tumor immunity of the host immune response and can thus most likely be used as a predictor of recurrence.
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